Objective: In this study healthy volunteers received thiothixene with and without a 3-day pretreatment with paroxetine to determine if paroxetine decreased the clearance of thiothixene. Method: Ten healthy medication-free volunteers (4 women and 6 men, mean age 38 12 years) were randomized to receive a single 20 mg oral dose of thiothixene on two separate occasions. On one occasion thiothixene was given concurrently, and following 3 days of pre-treatment with oral paroxetine (20 mg/day). On the other occasion thiothixene was given without paroxetine pretreatment. The two study days were separated by a minimum period of 2 weeks. On both study days, after the administration of thiothixene, 10 ml blood samples were collected over the next 72 h. Results: None of the pharmacokinetic parameters of thiothixene were significantly altered by a 3-day treatment with paroxetine. Discussion: It is likely that the CYP2D6 isoenzyme is not responsible for a high proportion of thiothixene clearance, but one cannot exclude the possibility that a longer paroxetine pretreatment might have caused some inhibition of thiothixene clearance.
INTRODUCTION
Since their marketing in the late 1980s, it has become apparent that the serotonin specific re-uptake inhibitors (SSRIs) can interfere with the oxidative metabolism of many drugs that are biotransformed via the cytochrome P450 (CYP450) enzymes. While full profiles of enzymatic inhibition have not yet been defined for all the SSRIs, such information has been partially delineated. For instance, it is known that fluoxetine and norfluoxetine are potent inhibitors of CYP2D6 (1, 2) , mild to moderate inhibitors of CYP3A3/4 (3, 4) , and they also possibly cause some inhibition of CYP2C (5) isoenzymes. Fluvoxamine is a potent inhibitor of CYP1A2 (6, 7) , a mild to moderate inhibitor of CYP3A3/4 (4, 8) , but causes only minimal inhibition of CYP2D6 (9) . Sertraline causes mild to moderate inhibition of CYP2D6 (10) and CYP3A3/4 (11) . Paroxetine appears to exhibit rather selective and potent inhibition of CYP2D6 (4, 12, 13) . It is generally assumed that most antipsychotics are at least partially metabolized via the CYP2D6 isoenzymatic pathway. However, with the exception of risperidone (14) , haloperidol (15) (16) (17) and clozapine (18, 19) , little is known about the enzymatic pathways by which most of the antipsychotics are biotransformed. Thiothixene, which differs structurally from the phenothiazines, is a good example of this. Investigators who conducted metabolism studies in the 1970s found that thiothixene is metabolized to a desmethyl and a sulfoxide metabolite (20) , but the pathways that mediate these biotransformations are unknown at this time. This study is an investigation of the effect of paroxetine on thiothixene pharmacokinetics. medical illness, nor had any used drugs known to induce or inhibit hepatic enzymes within 1 month of the study. None of the subjects were currently taking prescription medications or over-the-counter medications. All volunteers also underwent urine toxicology screening to exclude use of abused substances. All female volunteers were post-menopausal, had undergone tubal ligation or were using an effective form of barrier contraception (none were taking oral contraceptives). Subjects abstained from alcohol use for at least 48 h prior to the beginning of the study, and for the duration of both phases of the study. During the study a single cup of caffeinated beverage was allowed with breakfast if desired.
Volunteers were studied on two occasions (Phase I and Phase II) separated by a minimum period of 2 weeks. For both phases of the study the volunteers were admitted to the General Clinical Research Centre (GCRC), which is located in the University of Michigan Medical Centre, for a 24-h inpatient stay. Following both admissions to the GCRC, volunteers received a 20 mg capsule of cis-thiothixene (Navane, Roerig) and a 2 mg tablet of biperiden (Akineton, Knoll) between 8 and 9 AM. Additional 2 mg doses of biperiden were administered at 8 PM that evening and at 8 AM and 8 PM the following day, to prevent thiothixene-induced extrapyramidal symptoms. Shortly after admission to the inpatient unit an intravenous catheter was placed in a forearm vein for blood drawing.
In Phase I, the thiothixene was not accompanied by paroxetine. During Phase II, the volunteer received 3 days of paroxetine (Paxil, Smithkline Beecham) at a dose of 20 mg/day prior to inpatient admission to the GCRC, plus an additional 20 mg tablet of paroxetine along with the thiothixene on the day of admission. All oral doses of thiothixene, biperiden and paroxetine were taken from the same bottles for all volunteers. The order in which volunteers participated in Phase I or Phase II of the study was randomized.
To determine thiothixene serum concentrations, blood was drawn into heparinized green topped vacutainers (10 ml) at baseline, and at 10, 20, 30 and 45 min, then at 1, 1·5, 2, 3, 4, 6, 8, 12, 24, 48 and 72 h following the thiothixene dose. Samples were centrifuged and plasma was stored at 20 C until assay. Cis-thiothixene was quantified by an HPLC method using an electrochemical detector (21) . Trifluoperazine was used as the internal standard in the assay. The plasma was made alkaline with ammonium hydroxide and the analytes extracted using 6 ml of pentane-isopropanol mixture (95:5 v:v). The mixture was centrifuged and the top organic layer was transferred to a second Teflon tube. Thiothixene was back extracted from the organic solvent using 2 ml of 0·1 M perchloric acid. After centrifugation of this mixture the top organic layer was aspirated off, the aqueous solution was alkalinized with ammonia and agitated with the pentane-isopropanol mixture. After centrifugation the top organic layer was carefully transferred to another clean Teflon tube and evaporated under nitrogen in a water bath at 45 C. The dry residue was reconstituted in 50 ml of acetonitrile and 20-40 ml was injected into the HPLC system. The HPLC method utilized a 5 m cyano-propyl column (25 0·46 cm; Altex Ultrasphere, Arlington Heights, IL, U.S.A.), and a coulometric electrochemical detector (Environmental Science Associates, Bedford, MA, U.S.A.). The mobile phase consisted of a 40:60 (v:v) of monobasic potassium phosphate (10 mmol/l, pH 2·5) and acetonitrile. The mobile phase flow rate was 2·5 ml/min. The assay sensitivity was 200 pg/ml for cis-thiothixene, and the inter-assay coefficient of variation was less than 10% for the concentration range 1-40 ng/ml.
Pharmacokinetic parameters were calculated from thiothixene plasma concentrations using both compartmental and non-compartmental methods. The area under the plasma concentration versus time curve from 0 to 72 h (AUC 0-72 ) was calculated using the trapezoidal rule, and oral clearance (C po ) was calculated by dividing dose by AUC 0-72 . C po was adjusted by volunteer weight. Using PCNonlin (22) the data were fitted to a two compartment model with oral absorption and the best fits for A, B, , and K a were estimated. Elimination half-life (t 1/2 ) was calculated using 0·693/ . The maximum plasma concentration (C max ) and the time of maximum plasma concentration (t max ) were determined by visual examination of the data. To determine if there was a statistically significant difference between AUC 0-72 , C po and t 1/2 with and without paroxetine, the results following both phases of the study were compared using the paired Student's t-test (23) .
RESULTS
Ten volunteers completed both phases of the study. Of these, there were four women and six men, and the mean age ( SD) was 38 12 years. All volunteers tolerated the study protocol relatively well and no unexpected effects were noted, although some volunteers complained of sedation following thiothixene and one volunteer experienced nausea while receiving paroxetine. Also, although biperiden prophylaxis prevented the occurrence of acute dystonic reactions in the patients, several volunteers complained of mild to moderate akathisia.
Since the only prior estimate of thiothixene elimination t 1/2 was 35 h, we measured blood concentrations up to 72 h to try and capture as much data as possible for calculations of AUC. Although the assay used in this study was sensitive to 200 pg/ml, some volunteers had undetectable blood levels at the later time points (>24 h).
Although considerable variability was seen in C max , it was not consistently altered by paroxetine. Likewise, t max was not significantly different when paroxetine was added (Table 1 ). The C po , AUC 0-72 and t 1/2 elimination also showed considerable interindividual variability amongst the volunteers. One volunteer clearly exhibited a much more rapid C po of thiothixene, both without and during concomitant paroxetine administration (Fig. 1) . However, overall there were no statistically significant differences in any of the pharmacokinetic parameters when paroxetine was administered.
DISCUSSION
There are many instances in which antidepressants, such as SSRIs, and antipsychotics might be used concomitantly. Combinations of antipsychotics and antidepressants are commonly used to treat depression complicated by psychotic features, schizoaffective disorder, the depressive pole of bipolar disease, and schizophrenic patients who also suffer from depressive symptoms. In several cases SSRIs have caused an increase in antipsychotic blood concentrations when this combination of agents was given concomitantly. Both fluvoxamine and fluoxetine, when combined with haloperidol, have increased haloperidol levels (24, 25); and fluvoxamine has also increased clozapine blood levels (26) . Although many of the commonly used antipsychotics, such as thioridazine (27) , perphenazine (28) and risperidone (14) , are biotransformed via CYP2D6, almost nothing is known about the isoenzymatic pathways important for the metabolism of thiothixene.
Only a small amount of study has been devoted to the pharmacokinetics of thiothixene in comparison with other antipsychotics, possibly due to the difficulties in accurately assaying the drug. Hobbs et al. (29) used mass fragmentography to determine thiothixene pharmacokinetics and found that plasma concentrations varied from 10 to 22 ng/ml when they were drawn 2-2·5 h following the previous dose in patients who were taking 15-60 mg/day of thiothixene. The mean elimination t 1/2 in this study was approximately 35 h. In the present study, the mean elimination t 1/2 was 16·4 14·2 h, although the range was quite large (5·8-69·3 h).
In the most recent study of thiothixene pharmacokinetics, oral clearance of thiothixene using highperformance thin-layer chromatography (HPTLC) was determined in 42 patients (30) . In this study, patients were divided into groups who were receiving known enzyme inducers, known enzyme inhibitors and those who where not receiving either. They were further divided into smoking versus non-smoking groups. Smoking caused a highly significant increase in C po in the population as a whole, which would suggest the importance of the CYP1A2 pathway for thiothixene metabolism (31) . Furthermore, the group receiving enzyme inhibitors exhibited a significant reduction in thiothixene clearance when compared with the group receiving neither inducers nor inhibitors. However, while the inhibiting drugs included isoniazid, cimetidine and propranolol, no mention was made of any of the SSRIs. It is likely that they were not widely available at the time this study was conducted. The values for oral clearance in the above study were generally higher than ours. The difference in C po values between that study and ours might possibly be 
ascribed to different assay methodologies, differences in study population, or to the intrinsic properties of thiothixene. Although it is unknown if thiothixene undergoes linear clearance over time and over increasing doses, it is would seem unlikely that thiothixene induces its own metabolism during chronic treatment. While antipsychotics have often been implicated as inhibitors of hepatic metabolism, there are no data indicating that any of them are enzyme inducers.
Our results indicate that paroxetine does not impair the oral clearance of thiothixene. Since paroxetine is a potent and relatively specific inhibitor of CYP2D6, this would seem to indicate that the CYP2D6 is not an important biotransformational enzyme for thiothixene. There are several other, but less likely, possibilities. It is possible that all of the volunteers except the one who had a very high C po of thiothixene possessed the debrisoquine/sparteine slow hydroxylator phenotype, i.e. they were deficient in CYP2D6. Since our population was entirely white and the incidence of the slow hydroxylation phenotype is approximately 7% among white people (32) , it could be expected that one of our volunteers might have been a slow hydroxylator, but the probability of 9/10 being slow hydroxylators was extremely low. However, this cannot be determined with certainty since CYP2D6 phenotyping was not carried out in our volunteers.
Another possibility might be that biperiden inhibited CYP2D6 and additional inhibition with paroxetine was not detectable. There is little data regarding the effects of biperiden on the pharmacokinetics of antipsychotics. It is known that biperiden does not inhibit the metabolism of remoxipride (33) , nor does it cause alterations of average steady state blood levels of haloperidol (34) , thioridazine (34) or perphenazine (35) . Because both thioridazine and perphenazine are metabolized via CYP2D6, it is unlikely that biperiden inhibits this isoenzyme pathway. Consequently, it is unlikely that biperiden would interfere with any inhibition caused by paroxetine.
Because there may be considerable interindividual variability in the clearance of paroxetine it is possible that the subjects had not all achieved steady state paroxetine levels within 4 days. Consequently enzyme inhibition due to paroxetine may not have been maximal and a longer paroxetine dosing period might have revealed a change in thiothixene clearance. However, paroxetine is a potent inibitor of CYP2D6, and if the CYP2D6 isoenzyme is an important metabolic pathway for thiothixene, even non-steady state paroxetine concentrations should have caused a marked inhibition of thiothixene clearance.
Finally, it is possible that diet may have influenced the bioavailability and clearance of thiothixene, because diet was not standardized and all volunteers received the regular diet provided by the GCRC. Some individuals may have received grapefruit juice or other dietary items that alter enzymatic biotransformation.
This investigation of a possible drug interaction between thiothixene and paroxetine has revealed no significant interaction between these two drugs. This would suggest that the CYP2D6 isoenzyme may not be a particularly important biotransformational pathway for thiothixene.
